An increase in the free cytoplasmic Ca2+ concentration in thymocytes can be detected by the fluorescent indicator quin 2 within a few seconds of the addition of concanavalin A and the response is quantified from the increased proportion of quin 2 in the cells chelated by Ca2+ ('% Ca-quin 2'). The % Ca-quin 2 in untreated cells is 53+6%, increases to 64+7% immediately after the addition of concanavalin A and declines spontaneously over 24 h back to the level in untreated cells (53 + 6%). The increase in % Ca-quin 2 in response to concanavalin A is completely blocked when 50mM-a-methyl D-mannoside is added before concanavalin A and completely reversed when the competing sugar is added immediately after the mitogen. Addition of a-methyl D-mannoside at increasing intervals after concanavalin A addition causes a progressively smaller decrease in % Ca-quin 2 and has a negligible effect after 24h, when the % Ca-quin 2 is the same as that in untreated cells. The decline in the calcium signal defined by these experiments has a similar time course to cap formation by concanavalin A on the cells. It is concluded that the calcium signal lasts only while concanavalin A is bound to the cell surface and is terminated either by capping or by the addition of a-methyl D-mannoside.
In a working hypothesis for the mitogenic stimulation of lymphocytes we have proposed that a small increase in the free cytoplasmic Ca2+ concentration ([Ca2+] I) within the range 0.1-1 uM is an obligatory activating signal (Metcalfe et al., 1980) . We also proposed that the increase in [Ca2+]1 must be maintained for prolonged periods of up to 24 h to commit the maximum proportion of the cells to DNA synthesis, which is initiated about 24 h after the addition of mitogen.
McClain & Edelman (1976) showed that there was a requirement for prolonged interaction of the mitogen concanavalin A with human blood lymphocytes to commit most of the cells to DNA synthesis. Removal of concanavalin A from the cell surface by the addition of a-methyl D-mannoside, which competes for the concanavalin A binding sites, blocked mitogenic stimulation completely when added soon after concanavalin A. Addition of a-methyl Dmannoside at increasing intervals after concanavalin A had a progressively diminishing effect on subsequent DNA synthesis as the cells proceeded to the lectin-independent phase of mitogenesis. SubseAbbreviations used: [Ca2+11, free cytoplasmic Ca2+ concentration; WGA, wheat germ agglutinin; Rhod-Con A, tetramethylrhodamine-labelled concanavalin A; FITC-WGA, fluorescein isothiocyanate-labelled wheat germ agglutinin.
quently we found that the time course of inhibition by a-methyl D-mannoside of the stimulation of mouse thymocytes by concanavalin A coincided closely with the time course of cap formation by concanavalin A on the cells (Pozzan et al., 1981) . By 20-24h after the addition of concanavalin A, the maximum number of caps were formed and the addition of a-methyl D-mannoside had no effect on subsequent DNA synthesis. Since cap formation removes concanavalin A and its receptors from the cell surface, we proposed that this terminated the primary mitogenic signal, which is activated directly by the interaction of concanavalin A with the mitogenic receptors (Pozzan et al., 1981) .
Direct evidence that an increase in [Ca2+I1 is an early response to mitogens in lymphocytes has recently been obtained from the use of quin 2, a fluorescent intracellular indicator of [Ca2+]1 (Tsien et al., 1982; Hesketh et al., 1983) . In thymocytes loaded with quin 2 and stimulated by concanavalin A, [Ca2+] , increases by approx. 2-fold from lO0nM over the first 2min after the addition of mitogenic concentrations of the lectin. However, the duration of this calcium signal and its relationship to the time course of cap formation have not been established. In the present paper we describe the use of quin 2 to follow the duration of the increase in [Ca2+] , over the first 24 h of mitogenic stimulation by conVol. 214 canavalin A. We show that the increase in [Ca2+1,  immediately after the addition of mitogen can be completely reversed by the addition of a-methyl D-mannoside and that this can be used to follow the decline in the calcium signal with time. At optimal concentrations of concanavalin A for mitogenic stimulation, the rate of this decline in the calcium signal measured by using a-methyl D-mannoside is similar to the rate of cap formation by the concanavalin A, which defines the progression of the cells to the lectin-independent phase of mitogenesis. The comparison between the duration of the calcium signal and the time course of cap formation is also made for WGA. This ligand causes similar early metabolic stimulation of thymocytes to concanavalin A, but WGA is non-mitogenic and has previously been shown to cap very rapidly at concentrations that cause an increase in [Ca2+11 (Hesketh et al., 1983 canavalin A or WGA (Miles Yeda) were made from stock solutions in standard medium (1 and lOmg/ml respectively). Additions of 50 mm-a-methyl Dmannoside or -N-acetylglucosamine were from a stock solution of concentration 1 M in water that had been treated with Chelex 100 to remove any ions that quenched fluorescence. The % Ca-quin 2 level (the proportion of quin 2 in the cells chelated by Ca2+) was calibrated by the addition of 0.05% Triton X-100 and 0.1 mM-MnCI2 as described previously (Hesketh et al., 1983) Reversal by a-methyl D-mannoside of [Ca2+11 increase by concanavalin A When thymocytes loaded with quin 2 are stimulated by the addition of mitogenic concentrations of concanavalin A (1 pg/ml), the fluorescence intensity of the intracellular quin 2 rises to a new stable level over about 2min (Fig. la) . The proportion of Ca-quin 2 rises from 53 ± 6% (n = 20) to 64 + 7%, corresponding to an increase in [Ca2+1 from about 100 to 200nm. The subsequent addition of 50mM-a-methyl D-mannoside produces an immediate decrease in fluorescence, which returns to the initial level before concanavalin A addition (53 + 6% Ca-quin 2) over about 5 min. The addition of a-methyl D-mannoside to cells without concanavalin A produces no change in [Ca2+] , and completely blocks the increase in [Ca2+ , when concanavalin A is added subsequently (Fig. lb) (Pozzan et al., 1981) .
Duration of [Ca2+1] increase after the addition of concanavalin A and WGA Direct measurements of [Ca2+1 in thymocytes from the % Ca-quin 2 can give variations between separate experiments that are comparable with the changes in % Ca-quin 2 after the addition of concanavalin A shown in Fig. l [Ca2+1 has returned to the level before concanavalin A addition. Furthermore linear regression analysis of data from 18 determinations at intermediate times shows a progressive decline in [Ca2+1] over the initial 24h after the addition of mitogen. However, measurements of the decrease in % Ca-quin 2 after addition of a-methyl D-mannoside to cells loaded with quin 2 at increasing intervals after the addition of concanavalin A provide a more accurate measure of the concanavalin A-induced calcium signal, because relative measurements of the change in % Ca-quin 2 are made for each cell sample. Data from these experiments in Fig. 2 show that the decrease in % Ca-quin 2 after addition of 50mM-a-methyl D-mannoside becomes progressively smaller over a period of 24 h.
We conclude that 24 h after the addition of concanavalin A [Ca2+1 has returned to the level in untreated cells and is then unaffected by the addition of a-methyl D-mannoside. The lack of response at this time is not due to insufficient concanavalin A in the medium: throughout the 24 h after the addition of 1,ug of concanavalin A/ml, addition of a further 10 lg/ml has no effect on the % Ca-quin 2. Thus all of the concanavalin A receptors that mediate the increase in [Ca2+I, in the cells remain saturated throughout the 24 h.
Similar data for the duration of the calcium signal caused by WGA are also shown in Fig. 2 . Concentrations of lOg of WGA/ml produce a maximal increase in [Ca2+11 comparable with that of concanavalin A (Hesketh etla., 1983) . However, the decrease in % Ca-quin 2 caused by the addition of 50mM-N-acetylglucosamine after WGA declines very rapidly to a negligible effect over about 2h, and c +I'-CU co * the % Ca-quin 2 returns to the resting level (53 + 6%) over the same period.
Time course of cap formation by concanavalin A and WGA
We have shown previously that the time course of commitment of thymocytes to DNA synthesis by concanavalin A coincides with the time course of cap formation by concanavalin A on the cell surface (Pozzan et al., 1981) . Data for these responses were obtained under experimental conditions directly comparable with those for the % Ca-quin 2 data in Fig. 2 . The time course of commitment to DNA synthesis was determined by the addition of 50mM-a-methyl D-mannoside at increasing times up to 24 h after the addition of Rhod-Con A (Fig. 3a) . This 1983 may be compared with the time course of cap formation by Rhod-Con A in Fig. 3(b) . The accuracy of the data for the calcium signal in Fig. 2 does not allow us to determine whether cap formation and the decrease in the calcium signal are precisely coincident. It is clear, however, that the calcium signal due to concanavalin A does not persist when maximal cap formation has occurred.
Further consistent evidence is provided by the data for cap formation by WGA, which is complete within about 2h, coinciding with the duration of the calcium signal induced by this ligand (compare Figs. 3b and 2) . We therefore attribute the rapid decline in the calcium signal to the removal of WGA and its receptors for the cell surface by cap formation.
Discussion
Taken together the data strongly suggest that the commitment has occurred from those responses that eventually become independent ofthe ligand-receptor interaction, and define the cells as committed to DNA synthesis. This does not of course preclude the expression of new receptors at the cell surface, which are necessary to maintain the commitment of the cells after they become independent of concanavalin A (e.g., receptors for T cell growth factor, which appear in G1). We note that T lymphocytes maintained for prolonged periods in culture become independent of the primary mitogen, but are absolutely dependent on the presence of endogenous T cell growth factor to remain in the cell cycle (Larsson et al., 1980 
